in nosocomial settings. These emerging candidiases involve various Candida species including C. tropicalis, C. krusei, C. glabrata, and C. famata (5) (6) (7) .
It is well known that the front line of defence against exogenous microbial infections lies in the tissues, such as the skin and the oral mucosa (8, 9) . Both of these tissues are layered with an epithelial structure containing over 95% epithelial cells that not only have an active defensive role as a mechanical barrier but are also key players in antimicrobial innate immunity. Once this physical barrier is penetrated, recognition of invading microorganisms is the first step in the initiation of a fast immune response and involves the activation of pattern recognition receptors by microbial pathogens and their products. The response to microbial infection by epithelial cells is largely dependent on a family of patternrecognition receptors called Toll-like receptors (TLRs), which play an active role in recognising pathogens of considerable target specificity (10) . This family of transmembrane receptors recognises a wide variety of signature motifs on microbes and transduces signals leading to the activation of transcription factors and the production of cytokines and antimicrobial peptides. Interleukin-8 (lL-8) is a major constitutive proinflammatory product of oral epithelial cells (11) . During infection with viable C. albieans, IL-8 attracts human neutrophils and lamina propria lymphocytes to the site of infection and activates neutrophils and monocytes to kill fungal targets (12) (13) (14) .
The antimicrobial peptides human b-defensins (HBDs) are a group of small cationic cysteinerich peptides with a broad-spectrum antimicrobial activity against a vast array of oral pathogens including Candida species. They are one of the few evolutionarily well-conserved antimicrobial peptides that remain effective in the host innate defence. The most intensively investigated HBDs to date are HBD-l, 2, and 3, which have been detected in the oral milieu in gingival epithelia, salivary glands, saliva, and gingival crevicular fluid. HBD-l and 2 are active against Gram-negative bacteria and yeasts, and HBD-3 has potent antimicrobial properties against both Gram-positive and Gram-negative bacteria even at low concentrations (15) . While the antifungal activity of HBDs has been characterized to some extent, the exact role they play in the host defence against fungal infection is not well defined. (16, 17) A competent host response to disseminated candidiasis involves neutrophils and mononuclear phagocytes for the recognition and clearing offungal cells. In addition to their role as phagocytic cells, both mononuclear phagocytes and neutrophils are capable of secreting immunomodulatory cytokines that influence the host immune response to fungal infection. Among these mechanisms, the release of cytolytic granules containing granzyme (particularly granzyme B, a member of the family of serine proteases) and perforin is the major mechanism used for killing the target cell. Perforin, homologous to the complement factor C9, creates transmembrane pores in the target cell membrane, thereby allowing the entry of granzyme B, which then activates the apoptosis pathways (18, 19) . Over the past two decades, the study of granzymes and perforin has largely focused on the ability of these serine proteases to induce cell death. Their importance during inflammation has been re-investigated only in recent years. Metkar et al. (20, 21) demonstrated that the granule-secretion pathway modulates inflammatory reactions in which granzymes are key participants, thus suggesting an anti-pathogen host defence role.
In the present study, we evaluated the host defence mechanisms induced by Candida albieans and other Candida species in monocytes and oral epithelial cells to establish the possible existence of a species-specific cellular response.
MATERIALS AND METHODS

Candida strains
Clinical isolates of C. albicans, C. tropicalis, C. parapsilosis and C. glabrata were taken from a frozen strain suspension (BHI, glycerine). Ten III of each strain suspension was transferred into 10 ml BHI and incubated overnight at 30°C. The cells were then separated from the medium by centrifugation at 2800 x g for 5 min, washed twice with PBS, and resuspended in RPMI for each experiment at a ratio I: 10 cell/yeast.
Cell culture andstimulation
The human monocytic cell line THP-I (human monocytic leukaemia, ATCC, Manassas, VA, USA) was cultured in RPMI 1640 medium supplemented with 1% Penstrep, I% glutamine (Sigma) and 10% fetal calf serum (Invitrogen, Carlsbad, CA). Falcon tissue-culture flasks (175 cm-; Coming Inc., New York, USA) were incubated at 37°C in air and 5% CO 2 at 95% humidity and were allowed to rest for 3-4 days. Subsequently, cells were dispensed into 6-well plates at a final concentration of I x 10 6 cells/ well, and treated with 100ng/mi phorbol 12-mystrate 13-acetate (PMA-Sigma) 48 h before infection to promote cellular differentiation.
The KB cell line obtained from American Type Culture (Table I) .
A melting curve was made at the end of each amplification to ensure the absence of non-specific reaction products. The accuracy of mRNA quantification depends on the linearity and efficiency of the PCR amplification. Both parameters were assessed using standard curves generated by increasing amounts of cDNA. Quantification is based on the threshold-cycle values, which are measured in the early stage of the exponential phase of the reaction, and on normalization to the internal standard curve obtained with the housekeeping b-actin gene to avoid discrepancies in input RNA or in reverse transcription efficiency. The PCR products were examined on 1.8% agarose gel.
Western blot analysis
After treatment, the cells were scraped with I ml of PBS and the cell pellet was homogenised with 300 ml of ice-cold buffer [ISO mM NaCl, 1%, 10 mMTris-HCI pH 8, EDTA 2 mM, Triton X 1004, EGTA 2 mM] supplemented with I mM phenylmethylsulfonyl fluoride (PMSF), I mM sodium orthovanadate (Na 3 V 0 4 ) and 50 mM NaF. Total extracts were cleared by centrifugation for 30 min at 4°C at 10,000 x g and assayed for protein content by Bradford's method. Fifty micrograms of protein from each cell lysate were separated by a 7% sodium dodecyl sulphatepolyacrylamide gel electrophoresis (SDS-PAGE) and transferred to nitrocellulose membranes before staining the filters with 10% Ponceau S solution for 2 min to verify equal loading and transfer efficiency. Blots were blocked overnight with 5% non-fat dry milk and then incubated with anti-perforin and granzyme B monoclonal antibodies (Santa Cruz, Milan, Italy), I mglml in Tris-buffered saline (TBS) (150 mM NaCl and 20 mM Tris-HCI, pH8) for 2 h at room temperature. After washing with 0.1% Tween-20 PBS, the filters were incubated with I:2000 peroxidaseconjugated antimouse immunoglobulins for I h at 22°C. They were thoroughly washed and then analysed using the ECL system (Amersham, Milan, Italy).
Statistics
All the experiments were carried out three times with at least three replicates per group. A difference in mean values was deemed significant if the P values were <0.05 or highly significant if the P values were 0.01. The three experimental groups were compared using a one-way analysis of variance. Post hoc group comparisons were conducted using the Student-Newman-Keuls test.
RESULTS
C. albicans, C. tropicalis, C. parapsilosis and C. glabrata modulate TLRs expression by oral epithelial cells
Epithelial cells are involved in the control of Candida pathogenesis through different pathways, including specific receptors such as TLRs (22) . We investigated the involvement of TLR expression by epithelial cells in the recognition of C. albicans, C. tropicalis, C. parapsilosis and C. glabrata using Real-time quantitative PCR. C. albicans, C. tropicalis, C. parapsilosis and C. glabrata upregulated TLR-2 expression, but not TLR-4, TLR-6 or TLR-9 expression ( Fig. 1) .
Oral epithelial cells expressed high levels of proinfiammatory cytokines and defensins against C. albicans, C. tropicalis, C. parapsilosis and C. glabrata
It is well known that epithelial cells involve cytokines and defensins to control bacterial infection through TLRs. As we revealed that TLR-2 expression was modulated by C. albicans, C. tropicalis, C. parapsilosis and C. glabrata, we also examined the expression of the proinflammatory cytokines HBD-2 and HBD-3 in response to stimulation with the yeasts. Oral epithelial cells were infected at a ratio of I: 10 cell/yeast for 6 or 24 h as described in Materials and Methods. After infection, total RNA was extracted and analysed by Real-time quantitative PCR for the expression ofIL-1a, IL-8, IL-6, TNF-a. As shown in Figs Candida glabrata-infected cells, and this modulation was particularly significant after 24 h of infection, whereas perforin expression increased after 24 hours of infection with Candida glabrata and Candida tropicalis. (Figs. 6A and 7A) . Western blot analysis after 48 h of infection confirmed the previous results ( Figs. 68 and 78 ).
DISCUSSION
The Candida species are opportunistic pathogens that can cause disease in hosts who are immunocompromised by underlying local or systemic pathological processes (23, 24) . C. albieans is the species most often associated with oral lesions, but other species of Candida, including C. glabrata, C. .+ .. also been isolated in the saliva of subjects with and without candidiasis (25, 26) . Candida has virulence factors that facilitate colonisation and proliferation in the oral mucosa. These fungal organisms can coaggregate with bacteria in dental biofilm and adhere to epithelial cells. This interaction may contribute to the progression of oral disease. Oral epithelial cells express TLR 2, 4, 6 and 9 and recognise various microorganisms with the help of these receptors. These TLRs expressed on oral epithelia interact with oral microorganisms that form biofilm on the tooth surface (27) Our results demonstrate that C. albieans, C. tropiealis, C. parapsilosis and C. glabrata are able to up-regulate the TLR-2 but not TLR-4 -6 or 9 expression in human oral epithelial cells. Moreover, we demonstrated that all the C. albieans, C. tropiealis, C. parapsilosis and C. glabrata induced a significant up-regulation in the oral cell line of IL-l a and IL-8 expression as early as 6 h of contact. However, an increase in IL-6 and TNF-a expression were evident at 24 h. In addition to the secretion of cytokines, other local defence mechanisms against mucosal infection include the salivary proteins, such as b-defensins, and immunoglobulin A, which are activated in the immune response against Candida infection (28) . These salivary proteins can impair adhesion and growth of Candida in the oropharyngeal cavity. The adherence of Candida to oral epithelia is the first step in the infection process and enables the yeast to overcome the normal flushing mechanism of body secretion. Moreover, as stated above, b-defensins were first isolated and characterised based on their antimicrobial activity. In-vitro assays demonstrate broad-spectrum activity of all b-defensins against Gram-positive and Gram-negative bacteria, viruses (predominantly enveloped) and fungi. As regards oral infectious agents, activity was observed against oral pathogens including Candida albieans and other non-albicans Candida species (16) . Our results demonstrated that contact of C. albieans, C. tropiealis, C. parapsilosis and C. glabrata with human oral epithelial cells induced a significantly increased HBD-2 expression in human oral epithelial cells.
The generation of cytokines by Candida-infected oral epithelial cells promotes the antifungal activity of PMNs in vitro, which are among the most important immune-effector cells in the host defence against Candida infection (I). PMNs contain perforin and granzyme B. Although most research has focused on the cell death-inducing properties ofgranzymes, they probably have extracellular functions in promoting inflammation and degrading the extracellular matrix to allow cytotoxic cells access to target cells within the tissue. During inflammation and infection, elevated granzyme levels are found in serum and other body fluids. Examples include the serum of patients with acute CMV infection or chronic HIV infection, the joints of rheumatoid arthritis patients and the bronchoalveolar lavage fluid of allergenchallenged patients with asthma and patients with chronic obstructive pulmonary disease (21, 29) .
Our data indicated that granzyme B was upregulated only after infection with Candida glabrata, whereas perforin was stimulated by both Candida tropiealis and Candida glabrata. Candida albieans and Candida parapsilosis did not induce either of these two factors.
In conclusion, our data indicate that, during Candida species infection, the epithelial cells actively participate in the host defence by producing antimicrobial peptides and proinflammatory cytokines. Moreover, in infections caused by Candida tropiealis and Candida glabrata, the host defence could be strengthened by the release of perforin and granzyme by PMNs recruited at the site of infection.
